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Connecting a test device to an electric interface
of an slectric starter motor assembly

. 503

¥

Activating the test device {o generate an
electric “START" signal and to send the “START”
signal to the starter assembly interface

.. 508

Using the test device {o generate an eleclric
“STATUS” signal and sending the *STATUS" signal
to the starter assembly interface

. 507

E

Determining the status of functionality of the
electric starter motor assembly by audibly or
visually sensing the response of the eleclric
starter motor assembly to the application of the
“START" and “STATUS" signals by the test devics
to the electric interface of the electric starler
motor assembly
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1
STARTER MOTOR TESTING DEVICE

TECHNICAL FIELD

This disclosure relates to a starter motor testing device for
a dual starter system.

BACKGROUND

Internal combustion engines use electrically operated start-
ers to initiate the rotation of the engine. Some high compres-
sion (HC) engines require a larger electrical and mechanical
load than lower compression (LC) engines. Therefore, some
HC engines use a parallel starting system having two or more
starters coupled to the engine flywheel. In such systems, the
mechanical and electrical loads are divided between the two
starters. FIG. 1 shows a dual starter assembly 100 having two
parallel starters 1024, 1025 with respect to their control ter-
minals. Each starter 102 has an electric starter motor and an
engaging relay for engaging a pinion 104 with a flywheel ring
gear 20 of the internal combustion engine. The starters 102
are electrically interconnected with one another such that the
primary current path to the starter motors 102 is not closed
until both pinions 104 are engaged or both engaging relays
have engaged. Each starter 102 may also have a power relay.
The power relay is switched to the primary current to the
starter motor. In some starters, the power switches the pri-
mary current to the starter motor only when all the engaging
relays have engaged.

When a user initiates the starting operations, if the first
starter 102a has a malfunction, the second starter 1025 will
receive a signal from the first starter 102 indicating that the
first starter 102a has a malfunction and the second starter will
not attempt to turn over the engine by itself. This also occurs
if the second starter 1025 has the malfunction (i.e., the first
starter 102a will not attempt to turn over the engine by itself).
Therefore, in dual starter systems 100, both starters 102 need
to be individually operational before the system 100 as a
whole can be operational.

It is rare for both starters to fail simultaneously so, in
situations where one of the starters 102 becomes inoperable,
it becomes time consuming for a technician to determine
which of the two starters 102 has failed, and consequently the
technician often replaces both of the starters (even though one
of'them may be fully functional). This leads to higher cost of
repairs and wasted time and other resources.

SUMMARY

One aspect of the disclosure provides a control test device
for testing a dual starter system having a first and a second
starter. Hach starter has a starter electrical interface including
a starter start signal interface and a starter status signal inter-
face. The control test device includes a first and a second
communication interface for communicating a test signal to
the first and second starters. The first communication inter-
face includes a first electrical interface for interfacing with the
first starter electrical interface. The second communication
interface includes a second electrical interface for interfacing
with the second starter electrical interface. The test signal
includes a start signal and a status signal. The start signal
interfaces with one of the first and second starters start signal
interface, and the status signal sends a simulated status of the
other one of the first and second starters to the one of the first
and second starters start interface. A switch mechanism com-
mands the start signal to one of the first and second starters.
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Implementations of the disclosure may include one or
more of the following features. In some implementations, the
control test device further includes an indicator for indicating
that the control test device receives the test signal. The control
test device may include a first or a second indicator for indi-
cating that the first or second communication interface
respectively is communicating with the first or second starter
respectively. In some implementations, one of the first and
second starters inputs an input starter signal to the control
testing device and the control testing device loops back the
signal as the starter status signal.

In some implementations, the control test device may be a
hand-held device. The control test device may include a first
and a second cable harness, each cable harness connects to the
first and second communication interfaces respectively. The
first and second communication interfaces may each have a
pinout with 5 pins, or spring clips.

Another aspect of the disclosure provides, a control test
device for testing a dual starter system having a first and a
second starter. Each starter has a starter electrical interface.
The starter electrical interface includes a starter start signal
interface and a starter status signal interface. The control test
device includes first means for communicating a test signal to
the first starter, and second means for communicating the test
signal to the second starter. The test signal includes a start
signal and a status signal. The start signal interfaces with one
of the first and second starters start signal interface, and the
status signal sends a simulated status of the other one of the
first and second starters to the one of the first and second
starters start interface. The control test device includes means
for commanding the start signal to one of the first and second
starters.

Implementations of the disclosure may include one or
more of the following features. In some implementations, the
control test device includes means for indicating that the
control test device receives the test signal. The control test
device may include first means for indicating that the first
communication interface communicates with the first starter.
The control test device may include a second means for
indicating that the second communication interface commu-
nicates with the second starter. In some examples, one of the
first and second starters inputs an input starter signal to the
control testing device and the control testing device loops
back the signal as the starter status signal.

In some implementations, the control test device further
includes a firstand a second cable harness. Each cable harness
connects to the first and second communication interfaces
respectively. In some examples, the first and second means for
communicating each has a pinout having 5 pins, or spring
clips. The control test device may be a hand-held device.

Another aspect of the disclosure provides a testing method
for testing a dual starter system having a first and a second
starter. Hach starter having a starter electrical interface
including a starter start signal interface and a starter status
signal interface. The testing method includes communicating
a test signal to the first starter. The test signal includes a start
signal and a status signal. The start signal for interfacing with
one of the first and second starters start signal interface, and
the status signal for sending a simulated status of the other one
ofthe first and second starters to the one of the first and second
starters start interface. The testing method includes commu-
nicating the test signal to the second starter and commanding
the start signal to one of the first and second starters.

Implementations of the disclosure may include one or
more of the following features. In some implementations, the
testing method further includes indicating that the control test
device receives the test signal. The testing method may
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include indicating that the first communication interface
communicates with the first starter, or indicating that the
second communication interface communicates with the sec-
ond starter. In some examples, one of the starters inputs an
input starter signal to the control testing device and the con-
trol testing device loops back the signal as the starter status
signal.

The details of one or more implementations of the disclo-
sure are set forth in the accompanying drawings and the
description below. Other aspects, features, and advantages
will be apparent from the description and drawings, and from
the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of a dual starter assembly
known from the related art.

FIG. 2 is a schematic view of an exemplary control test
device.

FIG. 3 is an electric schematic of an exemplary control test
device in communication with one of the starters from the
dual starter assembly.

FIG. 4 is an electric schematic of an exemplary control test
device.

FIG. 5 is a schematic view of an exemplary arrangement of
operations for the control test device.

Like reference symbols in the various drawings indicate
like elements.

DETAILED DESCRIPTION

Referring to FIG. 1, a starter motor assembly 100 includes
a first starter 102q joined to a second starter 1026 by a jumper
cable harness 120. Each starter includes a respectively asso-
ciated starter motor (not shown). The torque of both starter
motors is required to start an engine. The first 1024 and
second 1025 starters are connected in parallel with respect to
their control terminals. The first 102a and the second 1025
starters are electrically interlocked such that upon failure of
one of the starters 102, the remaining starter 102 does not
attempt to turn the engine over by itself. The interlocking
system prevents a fully functional starter motor assembly 100
from malfunctioning because a dual starting system operating
at one half of its capacity will eventually overload the good
starter and cause it to fail.

Each starter 102 receives a command start signal (e.g.,
24V). Each starter is adapted to receive a key engine crank
command signal and a neighbor-status input signal (from its
neighboring starter), and to send a self-status signal (to its
neighboring starter). However, when one of the starters 102
fails, it fails to send the appropriate “ENGAGED” signal to
the neighboring starter. Without the ENGAGED signal, the
neighboring starter will not exert a torque on the engine
flywheel.

When the second starter 1026 receives an ENGAGED
status signal from the first starter 102a, the ENGAGED
neighbor-status signal received indicates that the first motor
starter 102a¢ is operational. When the first starter 102a
receives an ENGAGED neighbor-status signal from the sec-
ond starter 1025, the neighbor-status signal received indicates
that the second starter 1025 is operational. Therefore, if one
starter 102 or both starters 102a, 1025 fails then both starters
102 are locked out. This lockout functionality prohibits the
second operable starter 102 from attempting to start an engine
by itself. In some instances, if the one operable starter 102
attempts to start the engine on its own, the one operable starter
102 may be damaged since it may not be sized to handle both
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the load that it usually handles (when both starters are func-
tioning) and the load that the other starter 102 normally
handles.

In most circumstances, it is very unlikely that both starters
102 will fail at the same time. However, because of the inop-
erative condition of the entire assembly 100, a repair techni-
cian may nevertheless return both starters 102, even though
one of the starters 102 may be fully functional and does not
require service. In addition, the lockout functionality of the
starter motor assembly 100 makes it difficult to independently
test each starter 102 in the starter assembly 100 and determine
which starter 102 is inoperable.

Referring to FIG. 2, in some implementations, a technician
10 may use a test device 200 to determine which one of the
two starters 102 failed. In some examples, the test device 200
is a standalone device connected to a larger immovable diag-
nostics device. In other embodiments, the test device 200 may
be a handheld device 200 that allows the technician 10 more
flexibility regarding locations of where to diagnose a vehicle
(e.g., if the vehicle has stopped on the side of the road, the
technician may go to the location of the vehicle and test the
dual starter assembly 100).

In some implementations, the test device 200 is connected
to a cable harness 201 having a positive cable 212 (e.g., red)
and a negative 214 cable (e.g., black). The positive cable 212
is connected to the power supply from the starter assembly
100 and the negative cable 214 is connected to the ground
from the starter assembly 100. The cable harness 210 has two
electrical interfaces 220 to connect with the electrical inter-
face 106 of the starters 102. Once the technician 10 connects
the test device 200 to the starters 102 then the technician 10
can switch the switching mechanism 230 to determine which
one of the two starters 102a, 1025 to test.

In some implementations, the test device 200 has an elec-
tric switch mechanism 230 (e.g., an electrical selector switch)
for directing the start signal to the first 1024 or the second
10256 starter. The technician 10 manipulates the switch
mechanism 230 to select one of the starters 102 he/she wants
to test. In some examples, the switch mechanism 230 may be
atoggle switch with three positions. An off position indicates
that the test device 200 is not sending a start signal (e.g., 24V)
to either one of the starters 102. A first position to indicate that
the test device 200 is testing the first starter 102q and a second
position to indicate that the test device 200 is testing the
second starter 1025. In some examples, the test device 200
has three separate buttons each button (i.e., electrical switch)
indicating an off status, testing the first starter 102a, or testing
the second starter 1025.

Referring to FIG. 3, in some implementations, one of the
starters 102 from the starter assembly 100 electrically com-
municates with a starter test device 200. The starter 102 may
have inputs 1-N, and may have outputs 1-N. When a driver
attempts to start the vehicle, an engine crank signal 310 is sent
to the interlock system 320 of the starter 102. The interlock
system 320 may be made up of electric relays (or other elec-
tronic/electrical components capable of carrying out Bool-
ean-type logic operations) arranged to carry out logic opera-
tions to control the behavior of the starter system based on the
operation of each starter. The interlocking system 320 may
use any type of logic elements such as relays, solid state logic
gates or the like.

When the starter 102 receives the crank signal 310, the
interlock system 320 sends a self-status signal 350 to the other
starter 102. When the starter 102 receives a neighbor-status
signal 360 indicating that the other starter is operational, the
interlock system sends a signal 325 to the high current switch
330 indicating that the starter motor 340 can be engaged.
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When the interlock system 320 sends the signal 325 to the
switch 320, the switch 320 closes the circuit and sends the
signal to the starter motor 340 to engage the pinion 104 with
the fly wheel 20, and consequently start the vehicle. The
interlock system 320 of the starter 102 safeguards the starter
assembly 100 from malfunctioning by not sending the signal
325 to the switch 330 unless two conditions have been met.
The first condition includes receiving a neighbor-status signal
360,360a from the other starter 1025, and sending a self-
status signal 350,350a to the other starter 1025. The starter
device 200 receives the self-status signal 360 from the starter
102 as a neighbor-status signal 3505 and falsely sends a
self-status signal 3604 indicating to the starter 1024 that it is
receiving a neighbor-status signal 360a.

Referring to FIG. 4, each starter 102 has an electrical
interface 106 that connects with an electrical communication
interface 220 of the test device 200. The technician 10 con-
nects each of the test device 200 communication interfaces
220a and 2205 to the first 1064 and second 1065 starter
electrical interface respectively. Each starter electrical inter-
face 106 has a starter start signal interface and a starter status
signal interface. The test device 200 electrical interface 220
connects to the starter electrical interface 106. In some
examples, one of the starter 106 and the test interfaces 220 has
a male plug and the other one has a female receptacle. The
male plug has several pins that are inserted in the openings of
the female receptacle. In some examples, the electrical inter-
face of one of the starter 106 and the test device 220 uses
spring clips each connecting to the pins of the other one of
starter and test device interface. Other arrangements or con-
figurations are possible as well.

In normal operation of the dual starter assembly 100, the
starter start signal interface 106 receives a start signal for
starting the starter 102. The starter status signal interface
receives a neighbor-status single 360a from the other starter
102 indicating that the other starter 102 is operational. There-
fore, in order to test one starter 102, a self-status signal 3605
is simulated to be received as a neighbor-status signal 360a by
the starter 102 being tested. Thus, in order to test one of the
starters 102, a neighbor-status signal 360a is simulated to act
as the other starter self-status signal 3605 and indicate that the
other starter is operational. If a neighbor-status signal 360q is
not received, then the other starter is considered inoperable.
Therefore, the test device overrides the interlock system 320
and allows one of the starters 102 to operate without the other
being operational. Referring back to FIG. 4, in some
examples, the communication interface 220 of the test device
200 has 5 pins (e.g., pins 1-5), each pin 1-5 has a correspond-
ing female receptacle 1'-5' in the starter electrical interface
106. When the technician 10 switches the switching mecha-
nism 230 to the S1 position to test the first starter 106a, a test
signal 222 goes through pin 1 of the communication interface
220 to the pin 1' of the starter electrical interface 106a. The
starter electrical interface 1064 sends a self-status signal 350a
through pin 3' to pin 3 of the communication interface 220a,
where the communication interface receives the signal 350a
as a neighbor-status signal 3505. The communication inter-
face 220a sends a self-status signal 3605 to the starter elec-
trical interface 160a received as a neighbor-status signal 360a
the false operation of the other starter 10254. Therefore, the
signals 350 and 360 allow the simulation of the second starter
1024 sending a status signal indicating that it is functional.
The test device 200 is configured electrically, such that the
starter 106q that is being tested receives sufficient electrical
signals 222 at the appropriate harness pins (e.g., 1'-5') such
that the starter 1064 interlock circuit is satisfied that a second
starter motor 1065 has started. Thus, the starter 106a under
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test will attempt to engage (if it is operating correctly). Upon
determining which of the two starters 102 failed, the fully
functional starter 102 may be left intact while the starter 102
requiring service is removed from the assembly 200 and sent
to the manufacturer for service.

In some implementations, the test device has an indicator
250 for indicating that the test device is sending a start signal
to one of the starters. Additionally or alternatively, the test
device has an indicator 240 for each of the starters tested,
where each indicator indicates the failed component in each
starter. These indicators 240, 250 may be a light indicator that
turns on when the switch is turned to either the first 1024 or
second 1025 starters and the test device 200 sends a test signal
222. In some examples, the indicator 240, 250 is a digital
indicator. Other arrangement or configurations of indicators
are possible as well.

In some implementations, a control test device 200 for
testing a dual starter system 100 has a first 102a and a second
1025 starter. Each starter has a starter electrical interface 106.
The starter electrical interface 106 includes a starter start
signal interface and a starter status signal interface. The con-
trol test device 200 includes first means for communicating a
test signal 220q to the first starter 1024, and second means for
communicating the test signal 2205 to the second starter
1024. The test signal 222 includes a start signal and a status
signal. The start signal interfaces with one of the first and
second starters start signal interface, and the status signal
sends a simulated status of the other one of the first and
second starters to the one of the first and second starters start
interface. The control test device includes means for com-
manding 230 the start signal to one of the first 102a and
second 1025 starter.

In some examples, the control test device 200 includes
means for indicating 230 that the control test device receives
the test signal 222. The control test device may include first
means for indicating 240q that the first communication inter-
face communicates with the first starter 102a. The control test
device 200 may include a second means for indicating 2405
that the second communication interface communicates with
the second starter 1025. In some examples, one of the firstand
second starters 102 inputs an input starter signal to the control
testing device 200 and the control testing device 200 loops
back the signal as the starter status signal.

In some implementations, the control test device further
includes a first and a second cable harness 210. Each cable
harness connects to the first and second communication inter-
faces respectively. In some examples, the first and second
means for communicating each has a pinout having 5 pins, or
spring clips. The control test device 200 may be a hand-held
device.

FIG. 4 provides an exemplary arrangement of operations
for a method 500 of testing a dual starter system 200 having a
first and a second starter. Each starter has a starter electrical
interface which includes a starter start signal interface (a.k.a.
starter crank signal interface) and a starter status signal inter-
face. The testing method 500 includes generating a test signal
and communicating the test signal to the first starter 502. The
test signal is generated in the control test device and includes
a START signal 503 (ak.a. a crank signal) and a STATUS
signal 505. The START signal is coupled to the start signal
interface of the first starter, and the STATUS signal is coupled
to the start interface of the first starter. Additionally, the test-
ing method 500 also may include communicating a START
signal to the second starter 504 and communicating a STA-
TUS signal to the second starter 504. The operational state of
the electric motor can be easily determined by the test tech-
nician by monitoring (either audibly or visually) the starter’s
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response to the application of the START and STATUS elec-
tric signals (i.e., the electric starter motor should give some
indication that it is engaging the flywheel).

Implementations of the disclosure may include one or
more of the following features. In some implementations, the
testing method further includes indicating that the control test
device receives the test signal. The testing method may
include indicating that the first communication interface
communicates with the first starter, or indicating that the
second communication interface communicates with the sec-
ond starter. In some examples, one of the starters inputs an
input starter signal to the control testing device and the con-
trol testing device loops back the signal as the starter status
signal.

A number of implementations have been described. Nev-
ertheless, it will be understood that various modifications
may be made without departing from the spirit and scope of
the disclosure. Accordingly, other implementations are
within the scope of the following claims.

What is claimed is:
1. A control test device for testing a dual starter system
having a first and a second starter, each starter having a starter
electrical interface including a starter crank signal interface
and a starter status signal interface, the control test device
comprising:
a first communication interface for communicating an
electrical test signal to the first starter, wherein the first
communication interface includes a first electrical inter-
face for interfacing with the first starter electrical inter-
face;
a second communication interface for communicating the
electrical test signal to the second starter, wherein the
second communication interface includes a second elec-
trical interface for interfacing with the second starter
electrical interface;
a switch mechanism operable to direct the electrical test
signal to the first starter or the second starter, each of the
first and second starters electrically interlocked from
starting unless the corresponding starter receives a
neighbor-status signal indicating that the other starter is
operational; and
an electric circuit for generating the electrical test signal
directed to the first starter to test whether the first starter
is inoperable when the switch mechanism is operable in
the first position, the electrical test signal including:
an electric crank signal communicated to the crank sig-
nal interface of the first starter to start the first starter;
and

an electric status signal communicated to the starter
status signal interface of the first starter, the electric
status signal simulating the neighbor-status signal
indicating that the second starter is operational.

2. The control test device of claim 1, further comprising an
indicator for indicating that the control test device sends the
test signal to the one of the first and second starters.

3. The control test device of claim 1, further comprising a
first indicator for indicating that the first communication
interface communicates with the first starter.

4. The control test device of claim 1, further comprising a
second indicator for indicating that the second communica-
tion interface communicates with the second starter.

5. The control test device of claim 1, wherein one of the first
and second starters inputs an input starter signal to the control
testing device and the control testing device loops back the
signal as the starter status signal.
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6. The control test device of claim 1, further comprising a
first and a second cable harness, each cable harness connect-
ing to the first and second communication interfaces respec-
tively.

7. The control test device of claim 1, wherein the first and
second communication interfaces each comprising a pinout
having 5 pins.

8. The control test device of claim 1, wherein the first and
second communication interfaces each comprising spring
clips.

9. The control test device of claim 1, wherein the control
test device is a hand-held device.

10. A control test device for testing a dual starter system
having a first and a second starter, each starter having a starter
electrical interface including a starter start signal interface
and a starter status signal interface, the control test device
comprising:

first means for communicating a test signal to the first

starter;

second means for communicating the test signal to the

second starter;

means for directing the test signal to the first starter or the

second starter, each of the first and second starters elec-
trically interlocked from starting unless the correspond-
ing starter receives a neighbor-status signal indicating
that the other starter is operational; and

means for commanding the test signal to the first starter to

test whether the first starter is inoperable, wherein the

test signal includes:

a start signal communicated to the start signal interface
of the first starter to start the first starter; and

a status signal communicated to the status signal inter-
face of the first starter, the status signal simulating the
neighbor-status signal indicating that the second
starter is operational.

11. The control test device of claim 10, further comprising
means for indicating that the control test device sends the test
signal.

12. The control test device of claim 10, further comprising
afirst means for indicating that the first starter receives the test
signal.

13. The control test device of claim 10, further comprising:

means for commanding the test signal to the second starter

to test whether the second starter is inoperable, wherein

the test signal includes:

a start signal communicated to the start signal interface
of the second starter to start the second starter; and

a status signal communicated to the status signal inter-
face of the second starter, the status signal simulating
the neighbor-status signal indicating that the first
starter is operational; and

a second means for indicating that the second starter

receives the test signal.

14. The control test device of claim 10, wherein one of the
first and second starters inputs an input starter signal to the
control testing device and the control testing device loops
back the signal as the starter status signal.

15. The control test device of claim 10, further comprising
a first and a second cable harness, each cable harness con-
necting to the first and second means for communicating
respectively.

16. The control test device of claim 10, wherein the first and
second means for communicating the test signal each com-
prising a pinout having 5 pins.

17. The control test device of claim 10, wherein the first and
second means for communicating the test signal each com-
prising spring clips.
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18. The control test device of claim 10, wherein the control
test device is a hand-held device.
19. A testing method for testing a dual starter system hav-
ing a first and a second starter, each starter having a starter
electrical interface including a starter start signal interface
and a starter status signal interface, the testing method com-
prising:
communicating a test signal to the first starter when a
switch mechanism is operable in a first position;

communicating the test signal to the second starter when
the switch mechanism is operable in a second position,
each of the first and second starters electrically inter-
locked from starting unless the corresponding starter
receives a neighbor-status signal indicating that the
other starter is operational; and

commanding the start signal to the first starter to test

whether the first starter is inoperable, the test signal
including:

5

10

15

10

an electric crank signal communicated to the starter start
signal interface of the first starter to start the first
starter; and
an electric status signal communicated to the starter
status signal interface of the first starter, the electric
status signal simulating the neighbor-status signal
indicating that the second starter is operational.
20. The testing method of claim 19, further comprising
indicating that the control test device sends the test signal.
21. The testing method of claim 19, further comprising
indicating that the start signal is sent to the first starter.
22. The testing method of claim 19, further comprising
indicating that the start signal is sent to the second starter.
23. The testing method of claim 19, wherein one of the
starters inputs an input starter signal to the control testing
device and the control testing device loops back the signal as
the starter status signal.

#* #* #* #* #*
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